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ADAPTIVE PRE-TRANSFORM SCANNING
PATTERNS FOR VIDEO AND IMAGE
COMPRESSION

TECHNICAL FIELD

This disclosure relates to encoding and decoding visual
data, such as video stream data, for transmission or storage.

BACKGROUND

Digital video streams typically represent video using a
sequence of frames or still images. Each frame can include
a number of blocks, which 1n turn may contain information
describing the value of color, brightness or other attributes
for pixels. The amount of data 1 a typical video stream 1s
large, and transmission and storage ol video can use sig-
nificant computing or communications resources. various
approaches have been proposed to reduce the amount of data
in video streams, including compression and other encoding
techniques. Real-time video streaming, multi-point video
conferencing or video broadcasting are examples of appli-
cations that employ video stream encoding icluding com-
pression.

SUMMARY

Disclosed herein are aspects of systems, methods and
apparatuses for encoding a video stream and decoding an
encoded video bitstream while selectively realigning pixels
of a residual block based on the prediction mode of the
original block to be encoded. One method for encoding a
video stream having a plurality of frames described herein
includes identifying a prediction mode to be used to predict
a first block of a frame of the plurality of frames, generating
a prediction block using the prediction mode, generating a
residual block as a difference between pixel values of the
prediction block and the first block, and, 1f the prediction
mode 1s a directional intra prediction mode, realigning
pixels of the residual block based on a realignment mode
conforming to the directional intra prediction mode to form
a realigned block, transforming the realigned block using a
transform mode to form a transformed realigned block, and
encoding the transformed realigned block into an encoded
video bitstream.

A method of decoding decoding a video bitstream having
a plurality of frames according to another aspect of the
teachings herein includes 1dentifying a prediction mode that
was used to predict a first block of a frame of the plurality
of frames, generating a prediction block using the prediction
mode, and inverse transforming a first encoded block from
the video bitstream using a transform mode to form an
inverse transformed block. The method also includes, 1f the
prediction mode 1s a directional intra prediction mode,
realigning pixels of the inverse transformed block based on
a realignment mode conforming to the directional intra
prediction mode to form a residual block, and adding pixels
of the residual block to the prediction block to recreate the
first block. Otherwise, that 1s, 1f the prediction mode 1s other
than a directional 1ntra prediction mode, pixels of the inverse
transformed block are added to the prediction block to
recreate the first block.

Another aspect of the teachings herein 1s an apparatus for
encoding a video stream having a plurality of frames that
includes a memory and a processor. In an implementation,
the processor 1s configured to execute mstructions stored in
the memory to i1dentify a prediction mode to be used to
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2

predict a first block of a frame of the plurality of frames,
generate a prediction block using the prediction mode,
generate a residual block as a difference between pixel
values of the prediction block and the first block, and, it the
prediction mode 1s a directional intra prediction mode,
realign pixels of the residual block based on a realignment
mode conforming to the directional intra prediction mode to
form a realigned block, transform the realigned block using
a transform mode to form a transformed realigned block, and
encode the transformed realigned block into an encoded
video bitstream.

Variations 1n these and other aspects of this disclosure will
be described 1n additional detail hereafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein makes reference to the accompa-
nying drawings wherein like reference numerals refer to like
parts throughout the several views, and wherein:

FIG. 1 1s a schematic of a video encoding and decoding
system;

FIG. 2 1s a block diagram of an exemplary computing
device that can implement a transmitting station or a receiv-
ing station;

FIG. 3 1s a diagram of a typical video stream to be
encoded and subsequently decoded;

FIG. 4 15 a block diagram of a video compression system
in accordance with an implementation;

FIG. 5 1s a block diagram of a video decompression
system 1n accordance with another implementation;

FIG. 6 1s a flowchart of a process for encoding of a video
stream using selectable transform sizes according to an
aspect of the teachings herein;

FIG. 7 1s a flowchart of a process for decoding of a video
stream using selectable transform sizes according to an
aspect of the teachings herein;

FIG. 8 1s a diagram showing an example of an intra
prediction mode; and

FIG. 9 1s a diagram showing block re-alignment accord-
ing to an aspect of the teachings herein.

DETAILED DESCRIPTION

Digital video 1s used for various purposes including, for
example, remote business meetings via video conferencing,
high definition video entertainment, video advertisements,
and sharing of user-generated videos. Encoding such digital
video streams to produce encoded video bitstreams 1s often
desirable. Encoding can include compressing the video
stream to reduce required bandwidth. Compression tech-
niques can include inter prediction, wherein a block of a
frame of a video stream 1s predicted using another block
shifted by a motion vector (e.g., from a temporally nearby
frame) as a prediction block, or intra prediction, which the
block 1s predicted using only some data from one or more
nearby blocks to form a prediction block. In either case, the
prediction block 1s used to generate diflerences between 1t
and the block such that only the differences (also called a
residual block or residual) need to be encoded 1n order to
later recreate the block.

The encoding steps after generating the differences often
include a transformation step. The transformation step may
use a directional transtform to efhiciently compress the
residual based on the type of prediction used. However,
using a directional transform may be computationally-inten-
s1ve 1 order to implement a large number of transform sizes.
According to the teachings herein, choosing the best trans-
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form for a given residual signal may be achieved 1n a simple
way by permuting residual pixels appropriately before per-
forming the transformation step. First discussed below are
environments in which aspects of this disclosure can be
implemented, and then details of certain implementations
are explained.

FIG. 1 1s a schematic of a video encoding and decoding
system 100. An exemplary transmitting station 112 can be,
for example, a computer having an internal configuration of
hardware such as that described 1n FIG. 2. However, other
suitable 1mplementations of transmitting station 112 are
possible. For example, the processing of transmitting station
112 can be distributed among multiple devices.

A network 128 can connect the transmitting station 112
and a recerving station 130 for encoding and decoding of the
video stream. Specifically, the video stream can be encoded
in transmitting station 112 and the encoded video stream can
be decoded 1n receiving station 130. Network 128 can be, for
example, the Internet. Network 128 can also be a local area
network (LAN), wide area network (WAN), virtual private
network (VPN), cellular telephone network or any other
means of transferring the video stream from transmitting,
station 112 to, 1 thus example, receiving station 130.

Receiving station 130, 1n one example, can be a computer
having an internal configuration of hardware such as that
described in FIG. 2. However, other suitable implementa-
tions of receiving station 130 are possible. For example, the
processing of recerving station 130 can be distributed among
multiple devices.

Other implementations of video encoding and decoding
system 100 are possible. For example, an implementation
can omit network 128. In another implementation, a video
stream can be encoded and then stored for transmission at a
later time to recerving station 130 or any other device having
memory. In one implementation, receiving station 130
receives (e.g., vianetwork 128, a computer bus, and/or some
communication pathway) the encoded video stream and
stores the video stream for later decoding. In an exemplary
implementation, a real-time transport protocol (RTP) 1s used
for transmission of the encoded video over network 128. In
another implementation, a transport protocol other than RTP
may be used, e.g., an HT'TP-based video streaming protocol.

FIG. 2 1s a block diagram of an exemplary computing
device 200 that can implement a transmitting station or a
receiving station. For example, computing device 200 can
implement one or both of transmitting station 112 and
receiving station 130 of FIG. 1. Computing device 200 can
be 1n the form of a computing system including multiple
computing devices, or in the form of a single computing
device, for example, a mobile phone, a tablet computer, a
laptop computer, a notebook computer, a desktop computer,
and the like.

A CPU 224 1n computing device 200 can be a conven-
tional central processing unit. Alternatively, CPU 224 can be
any other type of device, or multiple devices, capable of
manipulating or processing information now-existing or
hereafter developed. Although the disclosed implementa-
tions can be practiced with a single processor as shown, e.g.,
CPU 224, advantages 1 speed and efliciency can be
achieved using more than one processor.

A memory 226 in computing device 200 can be a read
only memory (ROM) device or a random access memory
(RAM) device in an implementation. Any other suitable type
ol storage device can be used as memory 226. Memory 226
can 1nclude code and data 227 that 1s accessed by CPU 224
using a bus 230. Memory 226 can further include an
operating system 232 and application programs 234, the
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application programs 234 including at least one program that
permits CPU 224 to perform the methods described here.
For example, application programs 234 can include appli-
cations 1 through N, which further include a video coding
application that performs the methods described here. Com-
puting device 200 can also include a secondary storage 236,
which can, for example, be a memory card used with a
mobile computing device 200. Because the video commu-
nication sessions may contain a significant amount of infor-
mation, they can be stored 1n whole or 1n part 1n secondary
storage 236 and loaded into memory 226 as needed for
processing.

Computing device 200 can also include one or more
output devices, such as a display 228. Display 228 may be,
in one example, a touch sensitive display that combines a
display with a touch sensitive element that 1s operable to
sense touch puts. Display 228 can be coupled to CPU 224
via bus 230. Other output devices that permit a user to
program or otherwise use computing device 200 can be
provided 1n addition to or as an alternative to display 228.
When the output device 1s or includes a display, the display
can be implemented in various ways, including by a liquid
crystal display (LCD), a cathode-ray tube (CRT) display or
light emitting diode (LED) display, such as an OLED
display.

Computing device 200 can also include or be in commu-
nication with an 1mage-sensing device 238, for example a
camera, or any other 1mage-sensing device 238 now existing
or herealter developed that can sense an 1image such as the
image of a user operating computing device 200. Image-
sensing device 238 can be positioned such that it 1s directed
toward the user operating computing device 200. In an
example, the position and optical axis of 1mage-sensing
device 238 can be configured such that the field of vision
includes an area that 1s directly adjacent to display 228 and
from which display 228 is visible.

Computing device 200 can also include or be 1n commu-
nication with a sound-sensing device 240, for example a
microphone, or any other sound-sensing device now existing
or hereafter developed that can sense sounds near computing
device 200. Sound-sensing device 240 can be positioned
such that 1t 1s directed toward the user operating computing,
device 200 and can be configured to receive sounds, for
example, speech or other utterances, made by the user while
the user operates computing device 200.

Although FIG. 2 depicts CPU 224 and memory 226 of
computing device 200 as being integrated into a single unat,
other configurations can be utilized. The operations of CPU
224 can be distributed across multiple machines (each
machine having one or more of processors) that can be
coupled directly or across a local area or other network.
Memory 226 can be distributed across multiple machines
such as a network-based memory or memory 1n multiple
machines performing the operations of computing device
200. Although depicted here as a single bus, bus 230 of
computing device 200 can be composed of multiple buses.
Further, secondary storage 236 can be directly coupled to the
other components of computing device 200 or can be
accessed via a network and can comprise a single integrated
unit such as a memory card or multiple units such as
multiple memory cards. Computing device 200 can thus be
implemented 1n a wide variety of configurations.

FIG. 3 1s a diagram of an example of a video stream 350
to be encoded and subsequently decoded. Video stream 3350
includes a video sequence 3352. At the next level, video
sequence 352 includes a number of adjacent frames 3354.
While three frames are depicted as adjacent frames 354,
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video sequence 352 can include any number of adjacent
frames 354. Adjacent frames 354 can then be further sub-
divided into individual frames, e.g., a single frame 356. At
the next level, a single frame 356 can be divided 1nto a series
of segments or planes 338. Segments or planes 358 can be
subsets of frames that permit parallel processing, for
example. Segments or planes 358 can also be subsets of
frames that can separate the video data into separate colors.
For example, a frame 356 of color video data can include a
luminance plane 358 and two chrominance planes 338. The
planes 358 can be sampled at diflerent resolutions.

The segments or planes 358 can include blocks 360,
which can contain data corresponding to, for example,
16x16 arrays of pixels in frame 356. Blocks 360 can also be
arranged to include data from one or more planes 356 of
pixel data. For example, macroblocks can include pixel data
from a luminance plane 356 and both chrominance planes
356. Blocks 360 can also be of any other suitable size such
as 4x4, 8x8 16x8, 8x16, 16x16 or larger. Unless otherwise
noted, the terms block and macroblock are used interchange-
ably herein.

FI1G. 4 1s a block diagram of an encoder 470 1n accordance
with an implementation. Encoder 470 can be implemented,
as described above, 1n transmitting station 112 such as by
providing a computer software program stored in memory,
for example, memory 226. The computer software program
can mnclude machine instructions that, when executed by a
processor such as CPU 224, cause transmitting station 112
to encode video data in the manner described 1n FIG. 4.
Encoder 470 can also be implemented as specialized hard-
ware 1ncluded in, for example, transmitting station 112.
Encoder 470 has the following stages to perform the various
functions in a forward path (shown by the solid connection
lines) to produce an encoded or compressed bitstream 488
using nput video stream 3350: an intra/inter prediction stage
472, a transtform stage 474, a quantization stage 476, and an
entropy encoding stage 478. Encoder 470 may also include
a reconstruction path (shown by the dotted connection lines)
to reconstruct a frame for encoding of future blocks. In FIG.
3, encoder 470 has the following stages to perform the
various functions in the reconstruction path: a dequantiza-
tion stage 480, an 1nverse transform stage 482, a reconstruc-
tion stage 484, and a loop filtering stage 486. Other struc-
tural variations of encoder 470 can be used to encode video
stream 350.

When video stream 350 i1s presented for encoding, each
frame 356 can be processed in units of blocks. At the
intra/inter prediction stage 472, each block can be encoded
using 1ntra-frame prediction (also called intra prediction) or
inter-frame prediction (also called inter prediction). In any
case, a prediction block can be formed. In the case of
intra-prediction, a prediction block may be formed from
samples 1n the current frame that have been previously
encoded and reconstructed. In the case of inter-prediction, a
prediction block may be formed from samples 1n one or
more previously constructed reference frames.

Next, still referring to FIG. 4, the prediction block can be
subtracted from the current block at intra/inter prediction
stage 472 to produce a residual block (also called a residual).
Transform stage 474 transforms the residual 1nto transform
coellicients 1n, for example, the frequency domain.
Examples of block-based transforms include the Karhunen-
Loeve Transform (KLT), the Discrete Cosine Transform
(DCT), and the Singular Value Decomposition Transform
(SVD). In one example, the DCT transforms the block into
the frequency domain. In the case of DCT, the transform
coellicient values are based on spatial frequency, with the
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lowest frequency (DC) coellicient at the top-leit of the
matrix and the highest frequency coellicient at the bottom-
right of the matrx.

(Quantization stage 476 converts the transform coeflicients
into discrete quantum values, which are referred to as
quantized transform coeflicients, using a quantizer value or
a quantization level. The quantized transform coeflicients
are then entropy encoded by entropy encoding stage 478.
The entropy-encoded coethicients, together with other 1nfor-
mation used to decode the block, which may include for
example the type of prediction used, motion vectors and
quantizer value, are then output to the compressed bitstream
488. Compressed bitstream 488 can be formatted using
various techniques, such as variable length coding (VLC) or
arithmetic coding. Compressed bitstream 488 can also be
referred to as an encoded video stream or encoded video
bitstream and the terms will be used 1interchangeably herein.

The reconstruction path 1n FIG. 4 (shown by the dotted
connection lines) can be used to ensure that both encoder
470 and a decoder 500 (described below) use the same
reference frames to decode compressed bitstream 488. The
reconstruction path performs functions that are similar to
functions that take place during the decoding process that
are discussed 1n more detail below, including dequantizing
the quantized transform coeflicients at dequantization stage
480 and inverse transforming the dequantized transiorm
coellicients at inverse transform stage 482 to produce a
derivative residual block (also called a derivative residual).
At reconstruction stage 484, the prediction block that was
predicted at intra/inter prediction stage 472 can be added to
the derivative residual to create a reconstructed block. Loop
filtering stage 486 can be applied to the reconstructed block
to reduce distortion such as blocking artifacts.

Other variations of encoder 470 can be used to encode
compressed bitstream 488. For example, a non-transform
based encoder 470 can quantize the residual signal directly
without transform stage 474 for certain blocks or frames. In
another implementation, an encoder 470 can have quanti-
zation stage 476 and dequantization stage 480 combined into
a single stage.

FIG. 5 1s a block diagram of a decoder 500 1n accordance
with another implementation. Decoder 500 can be imple-
mented 1n receiving station 130, for example, by providing
a computer software program stored in memory 226. The
computer soltware program can include machine instruc-
tions that, when executed by a processor such as CPU 224,
cause receiving station 130 to decode video data in the
manner described i FIG. 5. Decoder 500 can also be
implemented in hardware included 1n, for example, trans-
mitting station 112 or receiving station 130.

Decoder 500, similar to the reconstruction path of encoder
4’70 discussed above, includes 1n one example the following
stages to perform various functions to produce an output
video stream 516 from compressed bitstream 488: an
entropy decoding stage 502, a dequantization stage 504, an
inverse transform stage 506, an intra/inter prediction stage
508, a reconstruction stage 510, a loop filtering stage 512
and a deblocking filtering stage 514. Other structural varia-
tions of decoder 500 can be used to decode compressed
bitstream 488.

When compressed bitstream 488 15 presented for decod-
ing, the data elements within compressed bitstream 488 can
be decoded by entropy decoding stage 502 (using, for
example, arithmetic coding) to produce a set of quantized
transform coellicients. Dequantization stage 504 dequan-
tizes the quantized transform coeflicients, and inverse trans-
form stage 506 inverse transforms the dequantized transtorm
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coellicients to produce a derivative residual that can be
identical to that created by inverse transform stage 482 1n
encoder 470. Using header information decoded from com-
pressed bitstream 488, decoder 500 can use intra/inter pre-
diction stage 508 to create the same prediction block as was
created 1n encoder 470, e.g., at intra/inter prediction stage
4'72. At reconstruction stage 510, the prediction block can be
added to the derivative residual to create a reconstructed
block. Loop filtering stage 512 can be applied to the recon-
structed block to reduce blocking artifacts. Other filtering
can be applied to the reconstructed block. In this example,
deblocking filtering stage 514 1s applied to the reconstructed
block to reduce blocking distortion, and the result 1s output
as output video stream 516. Output video stream 516 can
also be referred to as a decoded video stream, and the terms
will be used interchangeably herein.

Other varnations of decoder 500 can be used to decode
compressed bitstream 488. For example, decoder 500 can
produce output video stream 516 without deblocking filter-
ing stage 514.

FI1G. 6 1s a tlowchart of a process 600 for encoding a video
stream using re-aligned blocks according to an aspect of the
teachings herein. Process 600 can be implemented in a
system such as system 470 to encode a video stream using
prediction and variable sized transforms. Process 600 can be
implemented, for example, as a software program that is
executed by a computing device such as transmitting station
112 or receiving station 130. The software program can
include machine-readable 1nstructions that are stored in a
memory such as memory 226 that, when executed by a
processor such as CPU 224, cause the computing device to
perform process 600. Process 600 can also be implemented
using hardware 1 whole or in part. As explained above,
some computing devices may have multiple memories and
multiple processors, and the steps of process 600 may in
such cases be distributed using different processors and
memories. Use of the terms “processor” and “memory” in
the singular herein encompasses computing devices that
have only one processor or one memory as well as devices
having multiple processors or memories that may each be
used i the performance of some but not necessarily all
recited steps.

For simplicity of explanation, process 600 1s depicted and
described as a series of steps. However, steps 1n accordance
with this disclosure can occur in various orders and/or
concurrently. Additionally, steps 1n accordance with this
disclosure may occur with other steps not presented and
described herein. Furthermore, not all 1llustrated steps may
be required to implement a method 1n accordance with the
disclosed subject matter.

At step 602, a block of a plurality of blocks of a video
stream 1s 1dentified as part of a process that encodes a video
stream. Process 600 1dentifies blocks of a frame of the video
stream 1n a scan order. An example of a scan order 1s raster
scan order, wherein the blocks of a frame are processed
starting with a block at the upper left corner of the frame and
proceeding 1n rows from left to night, starting with the top
row and proceeding from the top row to the bottom row. At
step 604, a prediction mode for the block 1s identified. The
prediction mode can be 1dentified as part of a rate distortion
loop wherein the number of bits used to encode the predicted
block along with the number of bits used to indicate the
prediction mode 1n the encoded video bitstream (e.g., the
rate) are compared to the pixel errors introduced by encod-
ing (e.g., the distortion). Various intra prediction modes and
an inter prediction mode may be available as discussed
below. The prediction mode that optimizes the rate distortion
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value can be 1dentified as the prediction mode to be used to
predict the block. This block 1s also referred to as the current

block.

At step 606, the current block 1s predicted. Predicting the
block refers to generating a predictor block or predictor
based on the prediction mode and generating the residual.
For example, where the current block i1s prediction using
intra prediction, the intra prediction mode indicates how
nearby pixels 1n the same frame are used to block generate
the prediction block. A vertical intra prediction mode typi-
cally generates a prediction block of the same size as the
current block by duplicating the values for pixels located 1n
an adjacent row (e.g., adjacent to the top row of the current
block) into respective columns. A horizontal intra prediction
mode typically generates a prediction block of the same size
as the current block by duplicating the values for pixels
located 1n an adjacent column adjacent (e.g., adjacent to the
left columns of the current block) into respective rows.
Various diagonal prediction modes are also possible that
combine adjacent row and column pixel values as described
in further detail below. Prediction can also include dividing
the block into smaller sub-blocks for generating the predic-
tor and the residual.

At step 608, process 600 determines whether the current
block was predicted using intra prediction. If the current
block was predicted instead using inter prediction, process
600 proceeds to step 614 to continue encoding the current
block according to existing settings for transform mode such
as transform size, quantization level and entropy coding. If
process 600 1nstead determines that the current block has
been predicted using intra prediction, process 600 identifies
a realignment mode by advancing to step 610. The realign-
ment mode 1dentified can depend upon the intra prediction
mode used to predict the block.

As mentioned briefly above, intra prediction generally
forms prediction blocks by propagating pixels peripheral to
the current block into a prediction block. The prediction
block 1s then subtracted from the original block to form the
residual. In modes that are sometimes referred to as
V_PRED and H_PRED, pixel values are propagated verti-
cally or horizontally from pixels immediately above the
block or immediately to the left of the block, for example.
In some cases, a single pixel value 1s calculated based on the
peripheral pixels and all of the pixel locations 1n the pre-
diction block are assigned the same single value. Modes
known as DC_PRED and TM_PRED, for example, perform
such calculations. Other modes propagate average pixel
values into the predicted blocks. Such modes can use
weilghted average values of peripheral pixels and can propa-
gate the weighted average pixels in generally diagonal
directions 1nto the prediction block (that 1s, in directions
oflset from both the horizontal and the vertical). These are
called directional 1intra prediction modes herein. For
example, directional intra prediction modes that may be
called B_LD_PRED and B_RD_ PRED propagate pixel val-
ues along 45 degree lines to the left and down and right and
down (e.g., 225 degrees and 135 degrees), respectively.
Directional intra prediction modes sometimes called B_
VR_PRED, B_VL_PRED, B_HD_PRED and
B_HU_PRED propagate pixel values along other lines
through the block such as 22.5 degree lines through the
block, etc.

FIG. 8 1s a diagram showing an example of an inftra
prediction mode. Specifically, FIG. 8 illustrates use of the

directional 1intra prediction mode B_VR_PRED. A 4x4

block of a frame 800 has peripheral pixels A through M 808
from blocks adjacent to the block that can be used to form

a prediction block 802 according to the 1dentified prediction
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mode. The prediction mode may be identified in a rate
distortion loop that 1dentifies a prediction mode resulting 1n
an optimal rate distortion value, and adjacent pixels 808 may
be propagated to form pixel values 804 for the prediction
block 802 depending upon the mode. In FIG. 8, prediction
mode B_VR_PRED 1s shown for example, where a linear
combination (weighted average) of two or three of the
peripheral pixels 1s generated and then pixel values 804 of
the 4x4 prediction block 802 along lines extending through
the block at 157.5 degrees, such as lines 806, are set to the
value of the linear combination of peripheral pixels. For
example, the pixel value 804 to be propagated along line 806
can be formed from a weighted average of pixel values 1, J
and K.

Returning now to FIG. 6, process 600, having identified
which intra prediction mode was used to predict the block
and then having 1dentified a realignment mode correspond-
ing to the prediction mode, re-aligns the pixels of the
residual block based on the realignment mode in next step
612. For modes DC_PRED, TM_PRED, V_PRED, and
H_PRED, the realignment mode may be a null mode that
performs no re-alignment of residual values. For directional
intra prediction modes, that 1s, modes such as modes B_
LD _PRED, B_RD PRED, B_VR_PRED, B_VL_PRED,
B_HD_PRED and B_HU_PRED where pixels propagate
oflset from both the horizontal and diagonal, a realignment
mode 1s a directional realignment mode that conforms to the
prediction mode. That 1s, pixels may be re-aligned to adapt
the succeeding transforms to the statistics of the residual
block. Since the pixels of the prediction block can have a
dominant pattern or texture 1n response to the propagation of
pixel values along a particular direction, the residual block
formed from subtracting the prediction block from the
original data block can also have a dominant pattern or
texture in the direction 1n which the block was predicted. By
re-aligning the residual block to make this dominant pattern
or texture 1n parallel with at least one direction 1n which the
succeeding transtform will be applied, the number of
encoded bits to be included 1n the output video bitstream
may be reduced. The directional realignment mode for the
block thus rearranges the pixels located along a direction of
the propagation into rows or columns as appropriate.

FIG. 9 1s a diagram showing block re-alignment accord-
ing to an aspect of the teachings herein. More specifically,
FIG. 9 shows an example of pixel realignment on a residual
block resulting from prediction using the prediction mode
shown 1n FIG. 8. The pixels 0-15 of a residual block 902
result from generating a predicted block (such as block 802)
using the B_VR_PRED prediction mode and subtracting the
predicted block from the current block. Because the original
block was predicted using a diagonal prediction mode 1n this
example, the block 902 can exhibit a dominant texture along
the diagonal lines used to predict the block. This introduced
texture can result in additional bits to be included in the
encoded video bitstream because it can introduce structure
into the pixel data that can result in non-zero co-eflicients
following transformation. Re-aligning the pixel data along
the lines used to predict the block can reduce the number of
bits included in the encoded video bitstream while main-
taining the quality of the decoded video stream.

In this example, the resulting residual values of block 902
are re-aligned to form block 904. Pixels 4, 8, 12 and 13 are
predicted using the same pixel value, namely a weighted
average of pixels I, J and K from FIG. 8. Also 1n block 902,
pixels 0, 5, 9 and 14 are predicted using weighted averages
of pixels I, M and A from FIG. 8. Re-aligning block 902 to

the arrangement of block 904 puts the pixels predicted using,
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peripheral pixels I, J and K 1nto left-most column 906 and
pixels predicted using peripheral pixels I, M and A 1n
column 908. Applying a 1D transform to the resulting
columns, including columns 906 and 908 can encode the
pixel information while encoding possible structure intro-
duced by the prediction block 1nto bits occupying the fewest
locations 1n the transtormed block. This can improve the
elliciency with which entropy encoding can work to reduce
the number of encoded bits included in the output video
bitstream. As can be seen 1n FIG. 9, and more generally, for
a given directional intra prediction mode, the corresponding
realignment mode constructs the middle columns (or middle
rows) for a realigned block by scanning pixels along the
directional lines corresponding to the prediction mode,
while the night- and left-most columns (or top- and bottom-
most rows) are composed of the pixels sitting 1n the bound-
ary of the original block.

Returning again to FIG. 6, residual blocks resulting from
inter prediction can also be re-aligned to reduce the number
of bits following transformation. In other words, steps 610
and 612 need not be skipped for inter predicted blocks.
Texture 1n residual values resulting from inter prediction that
may be reduced by re-aligning blocks could result from
edges mtroduced by object motion, for example. Since this
type of texture can be difficult to anticipate directly, tech-
niques for selecting the realignment mode that provides the
best bit savings include trying a plurality of possible realign-
ment modes and comparing the results. This technique
includes re-aligning the residual blocks followed by trans-
forming the blocks using one or more transform modes and
comparing the bit savings resulting from each combination
of realignment and transform mode and selecting the
realignment mode that results 1n the greatest bit savings (1.¢.,
the lowest bit cost). The realignment mode used may be
signaled with the block 1n the bitstream as described below.
The possible realignment modes may include scanning the
pixels 1 a residual block 1n various diagonal directions.

Returning again to FIG. 6, a transform mode 1s identified
in step 614. The transform mode, including transform size,
may be selected using any technique that would provide an
ellicient compression of the particular re-aligned block. A
transform mode 1s generally selected based on the size of the
predictor, the particular prediction mode, or other variables.
It 1s often desirable to use a transform mode that aligns the
resulting transform coeflicients along an edge of the trans-
formed block. The transform can be applied as a two-
dimensional (2D) transform or as a series of one-dimen-
sional (1D) transforms in a first direction followed by a
series of 1D transforms applied in a second direction
orthogonal to the first. The transforms can be the same type
of transforms, for example DCT for the first series of 1D
transforms and DC'T for the second series of 1D transforms.
Alternatively, the transforms can be different, for example

an asymmetric discrete sine transform (ADST) for the first
series of 1D transforms and DC'T for the second series of 11D
transforms, or vice versa. In other cases, the 1D transforms
can be ADST 1n both directions. In cases where the pixels of
the block are re-aligned along horizontal lines, such as
accompany  prediction modes B_HD PRED and
B_HU_PRED, a 1D transform can be applied to the hori-
zontal rows of the block first.

In some implementations, a 1D transform can be applied
to the rows or columns of the blocks with no second,
orthogonal transform applied. In this example the 1D trans-
forms sufliciently compact the bits that represent the trans-
formed block mto a small enough portion of the block to
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permit entropy encoding to efliciently encode the bitstream
without applying a second transform.

After the transform mode 1s identified, the re-aligned
residual block 1s transformed 1n step 616. At this time, or
alter the completion of the transform step for all blocks, the
transiformed blocks may be quantized and entropy coded to
include 1n an encoded video bitstream.

At step 618, the prediction mode, realignment mode and
transform mode used to encode the block can be indicated by
including bits in the encoded video bitstream to indicate to
a decoder which inverse transforms to use to decode the
block and that the pixels need to be re-aligned following
inverse transformation before performing prediction and
reconstructing the original block. The prediction, realign-
ment and transform modes can be indicated separately or, to
save bits 1n the encoded video bitstream, the modes can be
linked. For example, a prediction mode can be indicated 1n
a block header included with the block 1n the video bit-
stream. The realignment mode and the transform mode can
be implied by the prediction mode, so additional bits are not
required to be imncluded to identify these modes to a decoder.
Including bits 1n the encoded video bitstream to indepen-
dently 1dentify a realignment mode and a transform mode
can provide additional flexibility 1n combining modes at the
expense ol additional bits. In an implementation of these
teachings, a predefined number of realignment modes and/or
transform modes may be assigned an index value such that
index values for one or both modes are included in the
bitstream along with a separate correlation of each mode to
the index value for the decoder to use 1n decoding the
bitstream.

At step 620, process 600 checks to see 11 any more blocks
of the frame remain to be processed. If blocks remain 1n the
frame to be processed, process 600 branches to step 602 to
identily the next block. Otherwise, process 600 exits.

As mentioned above, 1n an alternative implementation,
residuals formed by inter prediction may also be processed
using steps 610 and 612 by testing a number of diflerent
realignment modes combined with different transform
modes and selecting, to re-align the residuals, that realign-
ment mode that results 1n the lowest bit cost. In this
implementation, 1dentifying a transform mode in step 614
and transtorming the block 1n step 616 are not separate steps,
but are performed 1n this same rate distortion loop. In yet
another alternative implementation, these modified steps are
performed for all residuals including all intra predicted
residuals. That 1s, mstead of selecting a realignment mode
for intra predicted blocks based solely on the intra prediction
mode, a number of possible realignment modes (and trans-
form modes) may be tested in a rate distortion loop to
determine the modes for a block resulting in the lowest rate
distortion value. This alternative processing could be usetul
to limit the number of possible modes tested and subse-
quently transmitted within the bitstream, particularly where
both inter and intra predicted blocks are subject to r-ealign-
ment.

FIG. 7 1s a flowchart of a process 700 for decoding a video
stream using re-aligned blocks according to an aspect of the
teachings herein. Process 700 can be implemented in a
system such as system 500 to decode a video stream encoded
using the techniques described herein. Process 700 can be
implemented, for example, as a software program that is
executed by a computing device such as transmitting station
112 or receiving station 130. The soiftware program can
include machine-readable 1nstructions that are stored in a
memory such as memory 226 that, when executed by a
processor such as CPU 224, cause the computing device to
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perform process 700. Process 700 can also be implemented
using hardware in whole or 1n part. As explained above,
some computing devices may have multiple memories and
multiple processors, and the steps of process 700 may in
such cases be distributed using different processors and
memories.

For simplicity of explanation, process 700 1s depicted and
described as a series of steps. However, steps 1n accordance
with this disclosure can occur in various orders and/or
concurrently. Additionally, steps in accordance with this
disclosure may occur with other steps not presented and
described herein. Furthermore, not all illustrated steps may
be required to implement a method 1n accordance with the
disclosed subject matter.

At step 702, process 700 begins decoding a frame of an
encoded video bitstream by 1dentifying a block of the frame
to process. Generally, this begins by entropy coding the
signal and then de-quantizing any quantized blocks as
described above with respect to FIG. 5. At step 704, the
prediction mode used to predict the current block can be
identified by reading bits from a header associate with the
block. Then, at step 706, the transform mode to nverse
transform the block 1s identified by reading bits from a block
header associated with the block. As described above in
relation to FIG. 6, the transform mode can be 1dentified by
separate bits 1n a header associated with the block or can be
implied by the prediction or realignment mode included 1n
the encoded bitstream. At step 708, the block can be 1inverse
transformed based on the transform mode. For example, and
as described 1n relation to FIG. 6, a transform mode may be
one or two series of 1D transforms, so the inverse transform
1s similarly applied. The output of inverse transiform 1s a
reconstructed residual block with re-aligned values based on
the realignment mode used by the encoder for the block.

If at step 710 the block was predicted using an intra
prediction mode, process 700 advances to step 712. At step
712, the realignment mode can be identified by reading bits
from a header associated with the block. As discussed above,
the realignment mode may be mmplied by the prediction
mode read from a block header or may be indicated by
separately included bits within the block header i the
bitstream. At step 714, the inverse transformed block 1s
re-aligned by process 700 to reset the pixels of the block
back into the original positions that the pixels were in before
being re-aligned by encoding. The output of this step 15 a
reconstructed residual block.

Note that for certain intra prediction modes described
above, 1.¢., vertical intra prediction, horizontal intra predic-
tion or intra prediction modes that duplicate a single pixel
value for all blocks of the predicted block, the realignment
mode may be a null mode that does not realign the pixels in
step 714.

At step 716, process 700 predicts the current block. For
example, for a directional intra prediction mode, the decoder
generates a prediction block using the particular intra pre-
diction mode used for the current block, and then adds the
prediction block to the inverse transformed, re-aligned pix-
els of the reconstructed residual block to form a decoded
block corresponding to the original, input block. For other
intra prediction modes, the generated prediction block 1is
added to the imnverse transtormed pixels without realignment.
When the prediction mode 1s other than an intra prediction
mode 1n step 710, process 700 advances directly to step 716
to predict the current block using, e.g., inter prediction, by
generating a prediction block and adding its pixels to the
inverse transformed pixels without realignment. This
decoded block 1s also called a reconstructed block.
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After reconstructing the current block 1n step 716, process
700 tests to see 1 any further blocks remain to be decoded
in step 718. If more blocks remain, process 700 loops back
to step 702 to begin processing the next block or, 11 no blocks
remain to be processed, process 700 ends.

By using the teachings herein, a transform for a given
residual signal may be achieved 1n a simple way by per-
muting residual pixels based on a prediction mode of a block
to be encoded. By doing so, many of the same benefits of
directional transforms (e.g., directional DCT) may be
achieved without unduly complicating existing transform,
quantization and entropy coding processes and without
adding significant processing time.

The aspects of encoding and decoding described above
illustrate some exemplary encoding and decoding tech-
niques. However, it 1s to be understood that encoding and
decoding, as those terms are used in the claims, could mean
compression, decompression, transformation, or any other
processing or change of data.

The words “example” or “exemplary” are used herein to
mean serving as an example, instance, or illustration. Any
aspect or design described herein as “example” or “exem-
plary” 1s not necessarily to be construed as preferred or
advantageous over other aspects or designs. Rather, use of
the words “example” or “exemplary” 1s intended to present
concepts 1 a concrete fashion. As used 1n this application,
the term “or” 1s intended to mean an inclusive “or” rather
than an exclusive “or”. That 1s, unless specified otherwise, or
clear from context, “X includes A or B” 1s intended to mean
any ol the natural inclusive permutations. That 1s, 1f X
includes A; X includes B; or X includes both A and B, then
“X includes A or B” 1s satisfied under any of the foregoing
instances. In addition, the articles “a” and “an” as used 1n
this application and the appended claims should generally be
construed to mean “one or more” unless specified otherwise
or clear from context to be directed to a singular form.
Moreover, use of the term “‘an implementation” or “one
implementation” throughout 1s not intended to mean the
same embodiment or implementation unless described as
such.

Implementations of transmitting station 112 and/or
receiving station 130 (and the algornithms, methods, 1nstruc-
tions, etc., stored thereon and/or executed thereby, including
by encoder 470 and decoder 500) can be realized in hard-
ware, software, or any combination thereof. The hardware
can include, for example, computers, intellectual property
(IP) cores, application-specific mtegrated circuits (ASICs),
programmable logic arrays, optical processors, program-
mable logic controllers, microcode, microcontrollers, serv-
ers, microprocessors, digital signal processors or any other
suitable circuit. In the claims, the term “processor” should
be understood as encompassing any of the foregoing hard-
ware, etther singly or in combination. The terms “signal”
and “data” are used interchangeably. Further, portions of
transmitting station 112 and receiving station 130 do not
necessarily have to be implemented in the same manner.

Further, in one aspect, for example, transmitting station
112 or receiving station 130 can be implemented using a
general purpose computer or general purpose processor with
a computer program that, when executed, carries out any of
the respective methods, algorithms and/or instructions
described herein. In addition or alternatively, for example, a
special purpose computer/processor can be utilized which
can contain other hardware for carrying out any of the
methods, algorithms, or instructions described herein.

Transmitting station 112 and receiving station 130 can, for
example, be implemented on computers in a video confer-
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encing system. Alternatively, transmitting station 112 can be
implemented on a server and receiving station 130 can be
implemented on a device separate from the server, such as
a hand-held communications device. In this 1instance, trans-
mitting station 112 can encode content using an encoder 470
into an encoded video signal and transmit the encoded video
signal to the communications device. In turn, the commu-
nications device can then decode the encoded video signal
using a decoder 500. Alternatively, the communications
device can decode content stored locally on the communi-
cations device, for example, content that was not transmaitted
by transmitting station 112. Other suitable transmitting
station 112 and receiving station 130 implementation
schemes are available. For example, receiving station 130
can be a generally stationary personal computer rather than
a portable communications device and/or a device including
an encoder 470 may also include a decoder 500.

Further, all or a portion of implementations of the present
invention can take the form of a computer program product
accessible from, for example, a tangible computer-usable or
computer-readable medium. A computer-usable or com-
puter-readable medium can be any device that can, for
example, tangibly contain, store, communicate, or transport
the program for use by or 1n connection with any processor.
The medium can be, for example, an electronic, magnetic,
optical, electromagnetic, or a semiconductor device. Other
suitable mediums are also available.

The above-described embodiments, implementations and
aspects have been described in order to allow easy under-
standing of the present invention and do not limait the present
invention. On the contrary, the invention 1s intended to cover
various modifications and equivalent arrangements included
within the scope of the appended claims, which scope 1s to
be accorded the broadest interpretation so as to encompass
all such modifications and equivalent structure as 1s permit-
ted under the law.

What 1s claimed 1s:

1. A method for encoding a video stream having a
plurality of frames, the method comprising:

identifying a prediction mode to be used to predict a first

block of a frame of the plurality of frames;
generating a prediction block using the prediction mode;

generating, using a processor, a residual block as a

difference between pixel values of the prediction block
and the first block; and

in response to determining that the prediction mode 1s a

directional intra prediction mode that propagates values
based on pixels peripheral to the first block in a
diagonal direction to form the prediction block:
identifying a direction of propagation for the direc-
tional intra prediction mode;
realigning pixels of the residual block based on a
realignment mode conforming to the directional 1ntra
prediction mode to form a realigned residual block
by rearranging pixels located along the diagonal
direction into at least one of rows or columns such
that pixel dimensions of the realigned residual block
are equal to pixel dimensions of the residual block
and such that one of:
pixels of middle rows of the realigned residual block
correspond to pixels of the residual block along
the diagonal direction and pixels of a top-most
row and a bottom-most row of the realigned
residual block correspond to boundary pixels of
the residual block; or
pixels of middle columns of the realigned residual
block correspond to pixels of the residual block
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along the diagonal direction and pixels of a right-
most column and a left-most column of the
realigned residual block correspond to boundary
pixels of the residual block;
alter realigning pixels of the residual block, transtorm-
ing the realigned residual block using a transform
mode to form a transformed realigned residual block;
and
encoding the transformed realigned residual block into
an encoded video bitstream.
2. The method of claim 1, turther comprising;:
including bits within the encoded video bitstream 1denti-
tying the prediction mode, the realignment mode and
the transform mode.

3. The method of claim 1 wherein the prediction mode 1s
one of a plurality of directional intra prediction modes, a
horizontal intra prediction mode, a vertical intra prediction
mode, an intra prediction mode that uses a common pixel
value for all pixels of the prediction block or an inter
prediction mode.

4. The method of claim 1 wherein realigning the pixels of
the residual block comprises:

arranging the pixels of the residual block located 1n a scan

direction offset from a direction of columns of the
residual block and offset from a direction of rows of the
residual block to form middle columns of the realigned
residual block; and wherein a right-most column and a
left-most column of the realigned residual block com-
prises the pixels on a boundary of the residual block.

5. The method of claim 1 wherein realigning the pixels of
the residual block comprises:

arranging the pixels of the residual block located 1n a scan

direction offset from a direction of columns of the
residual block and oflset from a direction of rows of the
residual block to form rows of the realigned residual
block; and wherein a top-most row and a bottom-most
row of the realigned residual block comprises the pixels
on a boundary of the residual block.

6. The method of claam 1 wherein transforming the
realigned residual block further comprises:

performing a first series of 1D transforms in a first

direction for each column of the realigned residual
block or for each row of the realigned residual block
followed by performing a second series of 1D trans-
forms 1n a second direction using results of the first
series of 1D transforms.

7. The method of claim 6 wherein each of the first series
of 1D transforms 1s one of an asymmetric sine transform or
a discrete cosine transform and each of the second series of
1D transforms 1s one of a discrete cosine transform or an
asymmetric sine transform.

8. The method of claim 1, further comprising;:

in response to determining that the prediction mode 1s

other than a directional intra prediction mode:

transtforming the residual block using a transform mode
to form a transformed residual block; and

encoding the transformed residual block into the
encoded video bitstream.

9. The method of claim 1, further comprising;:

selecting the transform mode 1n accordance with the

realignment mode.

10. The method of claim 9 wherein realigning pixels of
the residual block based on a realignment mode conforming,
to the directional intra prediction mode to form a realigned
residual block comprises arranging the pixels 1 a scan
direction corresponding to the directional intra prediction
mode into one of rows of the realigned residual block or

5

10

15

20

25

30

35

40

45

50

55

60

65

16

columns of the realigned residual block, and wherein select-
ing the transtorm mode 1n accordance with the realignment
mode comprises:

on condition that the pixels are arranged 1nto the rows of

the realigned residual block, performing a first series of
1D transforms on the rows of the realigned residual
block and subsequently performing a second series of
1D transforms on the columns of the realigned residual
block resulting from the first series of 1D transforms;
and

on condition that the pixels are arranged into the columns

of the realigned residual block, performing a third
series of 1D transforms on the columns of the realigned
residual block and subsequently performing a second
series of 1D transforms on the rows of the realigned
residual block resulting from the first series of 1D
transforms.

11. A method for decoding a video bitstream having a
plurality of frames, the method comprising:

identilying, using a processor, a prediction mode that was

used to predict a first block of a frame of the plurality
of frames;

generating a prediction block using the prediction mode;

inverse transforming a first encoded block from the video

bitstream using a transiform mode to form an mmverse
transformed block;

in response to determining that the prediction mode 1s a

directional 1ntra prediction mode:

identifying a direction of propagation for the direc-
tional intra prediction mode;

after inverse transforming the first encoded block,
realigning pixels of the mverse transformed block
based on a realignment mode conforming to the
directional intra prediction mode to form an unre-
aligned residual block by rearranging pixels located
along the direction of propagation into at least one of
rows or columns, wherein the first encoded block
was encoded by an encoder that realigned pixels of
a residual block resulting from prediction of the first
block into a realigned residual block using the
realignment mode before transforming the realigned
residual block and that predicted the first block using,
the directional intra prediction mode to propagate
into a prediction block used by the encoder 1n a
diagonal direction values based on pixels peripheral
to the first block, and pixel dimensions of the
realigned residual block are equal to pixel dimen-
sions of the residual block; and

adding pixels of the unrealigned residual block to the
prediction block to reconstruct the first block; and

in response to determining that the prediction mode 1s

other than a directional intra prediction mode:

adding pixels of the inverse transformed block to the
prediction block to reconstruct the first block without
realigning the pixels of the nverse transformed
block.

12. The method according to claim 11 wherein 1dentifying
the prediction mode comprises examining at least one bit in
the video bitstream indicating the prediction mode, the
method further comprising;

identifying the transtform mode and the realignment mode

based on the prediction mode.

13. An apparatus for encoding a video stream having a
plurality of frames comprising:

a memory; and

a processor configured to execute instructions stored in

the memory to:
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identify a prediction mode to be used to predict a first
block of a frame of the plurality of frames;
generate a prediction block using the prediction mode;
generate a residual block as a difference between pixel
values of the prediction block and the first block; and
in response to determiming that the prediction mode 1s
a directional 1ntra prediction mode that propagates
values based on pixels peripheral to the first block 1n
a diagonal direction to form the prediction block:
realign pixels of the residual block based on a
realignment mode conforming to the directional
intra prediction mode to form a realigned residual
block by rearranging pixels located along the
diagonal direction into at least one of rows or
columns such that pixel dimensions of the
realigned residual block are equal to pixel dimen-
sions of the residual block;
alter the realigned residual block 1s formed, trans-
form the realigned residual block using a trans-
form mode to form a transformed realigned
residual block: and
encode the transformed realigned residual block into
an encoded video bitstream.

14. The apparatus of claim 13 wherein the directional
intra prediction mode defines a scan order for the pixels of
the residual block that 1s used to realign the pixels of the
residual block, the scan order being oflset from a direction
of columns of the residual block and offset from a direction
of rows of the residual block.

15. The apparatus of claim 13 wherein the prediction
mode 1s one of a horizontal intra prediction mode or a
vertical intra prediction mode and wherein the realignment
mode 1s a null realignment mode such that the processor 1s
configured to execute instructions to:

maintain the pixels of the residual block 1n a current

position;

transform the residual block with the pixels 1n the current

position to form a transformed residual block; and
encode the transformed residual block into the encoded
video bitstream.

16. The apparatus of claim 13 wherein the processor 1s
configured to realign pixels of the residual block based on a
realignment mode conforming to the directional intra pre-
diction mode to form a realigned residual block by:
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arranging the pixels 1n a scan direction corresponding to
the directional intra prediction mode 1nto one of rows
of the realigned residual block or columns of the
realigned residual block;
and wherein the processor 1s configured to transform the
realigned residual block by:
in response to arranging the pixels into the rows of the
realigned residual block, performing a horizontal series

of 1D transforms on the rows of the realigned residual
block: or

in response to arranging the pixels into the columns of the
realigned residual block, performing a vertical series of

1D transforms on the columns of the realigned residual
block.

17. The apparatus of claim 16 wherein the processor 1s
coniigured to:
perform a second series of 1D transforms on a result of
performing the horizontal series of 1D transforms or
performing the vertical series of 1D transforms as a first
series of 1D transforms, the second series of 1D trans-
forms being along a diflerent direction from the first
series of 1D transforms.
18. The apparatus of claim 13 wherein the transform
mode 1s a 2D transform mode.
19. The apparatus of claim 13 wherein the processor 1s

configured to realign the pixels of the residual block by one
of:
arranging the pixels of the residual block located 1n a scan
direction oflset from a direction of columns of the
residual block and oflset from a direction of rows of the
residual block to form rows of the realigned residual
block; and wherein a top-most row and a bottom-most
row of the realigned residual block comprises the pixels
on a boundary of the residual block; or
arranging the pixels of the residual block located 1n a scan
direction offset from a direction of columns of the
residual block and offset from a direction of rows of the
residual block to form columns of the realigned
residual block; and wherein a left-most column and a
right-most column of the realigned residual block com-
prises the pixels on a boundary of the residual block.
20. The apparatus of claim 19 wherein the processor 1s
configured to select the transform mode based on whether
the pixels are arranged to form the columns or the rows of
the realigned residual block.
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